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Arjaans and colleagues reported that treatment with the anti-VEGF antibody bevacizumab hampers antibody uptake in an ectopic xenograft model of human ovarian cancer in mice (1) . They found that bevacizumab decreased vessel number and increased pericyte coverage and concluded that treatment-induced normalization is detrimental for antibody delivery. This conclusion is not supported by their data and is in disagreement with the existing literature (2) (3) (4) .
Vascular normalization after antiangiogenic therapy could explain the seemingly paradoxical synergism between antiangiogenic agents and concurrent systemic anticancer therapies (2) . The vascular normalization paradigm was originally described to have four key elements: structural normalization, functional normalization, the transient nature of the effects, and the dose dependence ( Fig. 1) , with functional normalization being the most important element (2).
Arjaans and colleagues used a relatively high dose of bevacizumab and detected structural changes consistent with structural vascular normalization. However, they present no evidence that bevacizumab functionally normalized tumor blood vessels, nor do they mention when antibody treatment was delivered with respect to the vascular normalization time window. These deficiencies notwithstanding, the study raises an important question: Could antiangiogenic therapy impair the delivery of antibodies? The answer is likely yes, as the normalization time window may narrow or even disappear when antiangiogenic agents are dosed to potentiate antivascular effects. Antivascular effects could lead to a transient delay in tumor growth. The remaining vessels may be pericyte-covered, but because these treatments greatly reduce the number of functional vessels, they could potentially hinder the delivery of drugs at that time-a status referred to as "inadequate" rather than "normalized" vasculature (2, 5) . This scenario is more consistent with the report by Arjaans and colleagues (1) , that is, a predominant antivascular rather than vascular normalizing effect of bevacizumab in their experimental setting. The potential of antiangiogenics to produce both vascular normalizing and antivascular effects is of great clinical relevance for how these drugs should be combined with other therapeutics. Indeed, clinical studies have shown that the addition of high-dose bevacizumab does not improve overall survival when combined with chemotherapeutics in some cancers, such as ovarian or breast cancers. Therefore, it is high time we design better ways for using antiangiogenic therapy in the clinic. Our recent work suggests that anti-VEGFR2 antibody (DC101) treatment can normalize orthotopic tumor vasculature and enhance the delivery of anticancer agents in a dose-and time-dependent manner ( Fig. 2; refs. 3, 4). It also shows that these benefits may be lost when using high-dose antiangiogenic therapy due to pronounced antivascular effects. Thus, optimizing combinations of antiangiogenic agents with anticancer treatments will require imaging and/or circulating biomarkers based on an in-depth understanding of the dynamics of the tumor vascular response, in particular the balance between vascular normalizing and antivascular effects. Figure 1 . Vascular normalization hypothesis. Because of imbalance between pro-and antiangiogenic signaling, tumor vessels are highly abnormal both structurally and functionally. This creates a hostile microenvironment in tumors-characterized by hypoxia, low pH, and elevated fluid pressure-which fuels tumor progression via genetic instability, angiogenesis, endothelial-mesenchymal transition, immunosuppression, inflammation, resistance to apoptosis/autophagy, etc. Anti-VEGF treatment, using a judicious dose of bevacizumab (or another antiangiogenic agent), can prune some abnormal vessels and remodel the rest, resulting in a "normalized vasculature." In turn, this can reduce tumor hypoxia, acidity, and fluid pressure, improving the outcome of chemo-, radio-, and immunotherapy. If the antiangiogenic agent is too potent or the dose is too high, the balance can tip in the other direction, resulting in the pruning of an excessive number of vessels, leading to a shorter window of normalization or "inadequate vasculature" and reduced delivery of oxygen and concurrently administered therapeutics. Higher doses can also lead to adverse effects in normal tissues. Reproduced from the work of Jain (2) . Reprinted with permission. Ó 2013 American Society of Clinical Oncology. All rights reserved. 
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